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 � Isolated posterior cruciate ligament (PCL) tears are much 
less frequent than anterior cruciate ligament (ACL) tears.

 � Abrupt posterior tibial translation (such as dashboard 
impact), falls in hyperflexion and direct hyperextension 
trauma are the most frequent mechanisms of production.

 � The anterolateral bundle represents two-thirds of PCL 
mass and is reconstructed in single-bundle techniques.

 � The PCL has an intrinsic capability for healing. This is the 
reason why, nowadays, the majority of isolated PCL tears 
are managed non-operatively, with rehabilitation and 
bracing.

 � Recent studies have focused on double-bundle reconstruc-
tion techniques, as they seem to restore knee kinematics.

 � No significant clinical differences have been established 
between single versus double-bundle techniques, auto-
graft versus allograft, transtibial tunnel versus tibial inlay 
techniques or remnant-preserving versus remnant-release 
techniques.
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Introduction
Posterior cruciate ligament (PCL) tears are not as frequent 
as anterior cruciate ligament (ACL) tears. They are rare as 
an isolated injury and more commonly occur in a multi-
ligament-injured knee.1

Although it is well-known that many patients may tol-
erate a PCL-deficient knee, it is also well-known that this 
situation can lead to altered loads and kinematics during 
activities of daily life.

Many conservative and surgical options have been pro-
posed, but no consensus has been established, as the 
optimal PCL reconstruction has not been developed yet. 
The knowledge about PCL anatomy, epidemiology, bio-
mechanics, clinical diagnosis and treatment management 

has evolved dramatically in recent years.2 These advances 
have achieved excellent clinical and functional outcomes 
after PCL reconstruction and could lead to better decision-
making in future PCL tear management.

Epidemiology
There are about 200 000 ACL injuries per year in the United 
States, whereas only 3% of the injured knees have a PCL 
disruption.3 PCL injuries rarely occur in isolation, being 
typically associated with other ligament injuries such as 
ACL, medial collateral ligament (MCL) or posterolateral 
corner (PLC) injury.4,5 Specifically, most grade III PCL inju-
ries present concurrently with other ligament injuries 
(79% of cases).5 These associated injuries are of the ACL in 
46%, the MCL in 31% and the PLC in 62%.6

PCL injuries are commonly produced as a result of 
high-energy trauma, such as sport and motor vehicle acci-
dents (57% of cases). The dashboard impact with abrupt 
posterior relative upper tibial translation is the most com-
mon mechanism in vehicle accidents. A fall in hyperflexion 
is a common cause of injury in athletes, especially affect-
ing the anterolateral bundle. Another common mecha-
nism is an abrupt impact with hyperextension of the 
knee.6 Other mechanisms of production include knee dis-
location or rotation combined with varus/valgus forces.7 
These injuries are more common in males, isolated or 
combined with other injuries, with significantly higher 
incidences (97%) compared with females (73%).6

Relevant anatomy and biomechanics
The PCL complex is composed of the anterolateral (ALB) 
and posteromedial (PMB) bundles and the meniscofemo-
ral ligaments (Fig. 1).8 They can be well-differentiated at 
their femoral insertion, but they are very compact and dif-
ficult to separate at their tibial origin (Fig. 2).9

The PCL is an intra-articular extrasynovial ligament. The 
synovial membrane covers the entire ligament except the 
posterior part. The blood supply comes from the middle 
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geniculate artery. Branches of the tibial nerve innervate 
the complex.

Classically, it was thought that each bundle dominated 
over the other one at different points in the range of move-
ment (ROM). Recent studies have demonstrated that a co-
dominant relationship exists between bundles in all 
ROMs.10 It has been noted that the PCL is the main restric-
tor of posterior tibial translation in all ROMs providing a 
significant restraint of internal rotation with a knee flexion 
of 90° or more.

The anterolateral bundle (ALB)

The femoral attachment of the ALB is nearly twice as big as 
the tibial insertion. The distance between the two attach-
ments is 12.1 mm.9 The femoral attachment is 7.4 mm 
from the trochlear point, 11.0 mm from the medial arch 
point and 7.9 mm from the distal articular cartilage.9 The 
centre of the ALB tibial attachment site is 6.1 mm from 
posteromedial meniscus root.9 The ALB is more lax in full 
extension and tight in full flexion. As this bundle com-
prises about 65% of the total mass of the PCL, the classical 
techniques of single-bundle reconstruction try to substi-
tute for it.

The posteromedial bundle (PMB)

The femoral attachment of the PMB is 11.1 mm from the 
medial arch point and 10.8 mm from the posterior point 
of the articular cartilage margin.9 The PMB is taught in 
extension and lax in flexion. Double-bundle techniques 
attempt to restore this bundle’s function.

The menisco-femoral ligaments

The PCL is surrounded by the anterior meniscofemoral 
ligament (Humphrey ligament) and the posterior menis-
cofemoral ligament (Wrisberg ligament), which emerge 
from the lateral aspect of the medial femoral condyle and 
insert distally close to the posterior horn of the lateral 
meniscus. Both ligaments are only present in 49% of the 
knees, providing up to 71% of the posterior stability in a 
PCL-deficient knee, particularly between 60° and 90° of 
flexion.11

Bony anatomy

Several bone references related to the tibial insertion and 
the intercondylar notch have been highlighted recently.9 
The intercondylar notch apex is used for the point at the 
top of the notch. The ALB femoral insertion extends from 
the trochlear point to the medial arch point. The cartilage 
between these points is the so-called ‘arch of the carti-
lage’. The so-called ‘straight cartilage’ extends distally to 
the medial arch point on the lateral aspect of the medial 
femoral condyle.

Diagnosis of PCL injuries
It is paramount to elucidate whether the PCL tear is iso-
lated or combined with other injuries because it deter-
mines long-term results of the treatment. Patient history, 
physical examination and correct imaging techniques are 
useful to achieve a correct diagnosis.

Fig. 1 General ligament anatomy of a right knee. a) Anterior 
view. A, Anterolateral bundle of posterior cruciate ligament 
(PCL); B, posteromedial bundle (PMB) of PCL; C, anterior 
meniscofemoral ligament; D, anterior cruciate ligament. 
b) Posterior view. A, PMB; B, ALB; C, ACL; D, posterior 
meniscofemoral ligament.

Fig. 2 The two bundles of the posterior cruciate ligament (PCL) 
are very compact and difficult to separate at their tibial origin. 
a) Sagittal view of the tibial origin of the PCL. A, femur; B, tibia; 
C, tibial articular surface; D, origin of PCL. b) Coronal view of the 
posterior aspect of the proximal tibia showing the origin of the 
anterolateral bundle (ALB) and posteromedial bundle (PMB).
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Patient history

The patient with a PCL tear frequently complains of symp-
toms such as instability or discomfort. Mild to moderate 

effusion and pain in the posterior aspect of the knee or 
with kneeling are also frequent in the acute stage. Symp-
toms from chronic injuries are usually related to decelera-
tion movements, such as descending inclines or stairs.12

Physical examination

The majority of physical examination manoeuvres attempt 
to demonstrate a posterior instability and subluxation of 
the knee. The most frequently used are the posterior sag 
sign, the Godfrey’s test, the quadriceps active test and 
posterior drawer test (Fig. 3a).13 No complete evidence for 
diagnosis of a PCL tear has been demonstrated with any of 
these tests.14

As PCL tears are usually present with other concomi-
tant injuries, mainly affecting MCL and PLC, varus and val-
gus stress tests, in full extension and 30° of flexion, are 
useful for examining the integrity of MCL and LCL. Poste-
rolateral and anteromedial ‘drawer’ test and ‘dial’ tests 
(Fig. 3b) are especially useful in the diagnosis of a con-
comitant posterolateral or posteromedial corner injury. 
The external rotation-recurvatum test (Fig. 3c) and reverse 
pivot-shift test may indicate an associated PLC tear.7 Walk-
ing with a varus deviation of the knee has to make us con-
sider a concomitant PLC injury.

Imaging studies

Multiple imaging studies can be used as adjuvant to phys-
ical examination for PCL diagnosis: plain radiographs, 
examination under fluoroscopy, MRI, etc.

Plain radiographs and fluoroscopy

Standard radiographic studies should include anteropos-
terior, lateral, ‘sunrise’ and tunnel views.15 We should 
address any sign of bone fracture or avulsion (PCL tibial 
insertion, Segond fracture, widening of the lateral joint 
space, avulsion of the fibula head, etc.) and any degree of 
posterior tibial sag or knee subluxation must be checked.13 
Intra-operative fluoroscopy examination is crucial, 
because the tibial attachment of the PCL is not easy to 
visualise with arthroscopy. A recent study has accurately 
defined the tibial attachment of the PCL.16

Stress radiographs are objective tests to demonstrate 
posterior tibial subluxation. Many devices (i.e. Telos)17 
and manoeuvres (i.e. hamstring contraction with the knee 
flexed 90°) have been proposed,12,18 with no significant 
differences in usefulness. However, the single-leg kneel-
ing technique is a cheap, reliable, fast and useful tech-
nique to address a posterior tibial instability.

Posterior translation of the tibia has been measured, 
which identifies isolated PCL partial tears where there is 
< 8 mm of translation, complete PCL tears, where there is 
between 8 mm and 12 mm, and associated PLC injury 
when the posterior tibial translation is > 12 mm.19

Fig. 3 Most frequently used tests to demonstrate a posterior 
cruciate ligament (PCL) injury. a) Posterior ‘drawer’ test. The 
knee is flexed at 90°, the hip is flexed at 45°, the foot is stabilised 
and the tibia is in neutral position. A posterior direction force is 
applied to the proximal tibia. Posterior subluxation of the tibia is 
assessed by measuring of the displacement of the medial tibial 
plateau related to the medial femoral condyle. b) ‘Dial’ test. An 
increase of external rotation (> 10°) with the knee at 90° and 
30° of flexion is suggestive of a PCL and posterolateral corner 
(PLC) injury. If the increase is only at 30° but not at 90°, the PCL 
is intact but a PLC injury exists. c) External rotation-recurvatum 
test. This test is positive if the knee acquires hyperextension, 
varus angulation and external rotation of the tibia compared 
with the contralateral side.
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MRI

The use of MRI techniques has been demonstrated to be 
highly accurate for diagnosing acute PCL tears. High 
sensitivity (near 100%) and specificity (near 97%) have 
been reported.20 The normal PCL has a curved appear-
ance, with uniform low signal intensity on all pulse 
sequences.3 The PCL can be torn at its tibial or femoral 
attachments or more commonly through its substance. 
There are some characteristics of a PCL tear on MRI, such 
as: increased signal intensity with disruption of the liga-
ment; abnormal thickening of PCL with anteroposterior 
diameter greater than 7 mm; and intra-substance fluid 
signal on T2 or a striated appearance in the case of a 
partial tear. The ‘double PCL’ sign usually correlates 
with a bucket handle tear of the medial meniscus with 
an intact PCL.7

As the PCL trends to healing without repair or recon-
struction, it is a vital point to distinguish a chronic injury, 
particularly when MRI is done after six months from the 
injury. It has been shown that 28% of chronic PCL injuries 
show a near-normal MRI appearance.21 Residual morpho-
logical deformity, but with continuous ligament was seen 
in 44%. In these cases, stress radiographs may provide 
accurate information for diagnosis of instability.

Lateral bone bruising on radiographs is common when 
concomitant PCL-MCL occurs. Medial bone bruising 
makes us consider a combined PCL-PLC injury.22 Meniscal 
and concomitant ACL injuries can also be addressed with 
MRI.

Treatment
Indications for operative management

The main questions in PCL tear treatment are to elucidate 
whether it is an acute or chronic lesion and an isolated or 
combined injury. An isolated PCL injury is usually man-
aged non-operatively.

Acute PCL tears, with posterior tibial translation between 
8 mm and 12 mm, are usually due to an isolated ligament 
injury. These injuries are usually managed non-operatively. 
A concomitant repairable meniscal injury could therefore 
be an indication for surgical treatment of both lesions.

Acute PCL tears, with knee dislocation or posterior tib-
ial translation ⩾ 12 mm, have to make us consider a com-
bined injury, which is managed surgically.

Chronic PCL tears are treated only in cases of the pres-
ence of PCL-related symptoms (problems with decelera-
tion, incline descending, etc.) and posterior tibial 
translation > 8 mm,23,24 or if a combined injury exists.

Non-operative treatment

It is well known that the PCL has an intrinsic ability to heal. 
However, it has been noted that this healing usually occurs 

in a lax position.25,26 On the other hand, isolated injuries 
have been well managed with bracing as a non-operative 
treatment.27-29 The majority of athletes suffering an iso-
lated PCL tear return to activity with rehabilitation, achiev-
ing knee stability by enhancing muscles to compensate 
posterior tibial translation.15 PCL bracing aims to compen-
sate the tibial sag, applying an anterior counterforce, in an 
effort to achieve PCL healing in better position.24

The knee is usually immobilised between two and four 
weeks in full extension. After that, a programme encour-
aging strengthening of quadriceps muscle is performed. 
Hamstrings use is prohibited to avoid posterior tibial 
translation. The athletes are normally allowed to return to 
sport when the knee is completely stabilised and the 
quadriceps force is 90% of the contralateral knee, which is 
often not before three months from the injury, depending 
on the sport.7

Conflicting objective and subjective results have been 
reported in the literature.29,30 Although most case series 
show good subjective outcomes, a significant percentage of 
moderate to severe cases of osteoarthritis have been noted, 
directly related to the length of time of follow-up.27 Dynamic 
braces have been shown to achieve good healing rates and 
compensate tibial sag in the short to medium term.25

Operative treatment

Most of the techniques developed for PCL tear treatment 
are arthroscopically performed. Single- or double-bundle 
reconstruction using autograft or allograft and different 
methods of fixation have been proposed.

Single-bundle reconstruction

Single-bundle reconstruction techniques have been per-
formed classically for PCL reconstruction. Some clinical 
differences have been seen between ‘isometric point’ 
techniques and ‘anatomical’ techniques.30,31 As the first 
option has been related to over-constraint of the joint in 
the post-operative period and a trend to laxity with time, 
the anatomical techniques, using radiographic and arthro-
scopic references, are most favoured.

Moreover, many studies have been focused on tibial graft 
fixation. Two main types of fixation have been investigated: 
the transtibial tunnel and the tibial-inlay techniques.27

The transtibial tunnel technique (Fig. 4a) aims to simu-
late the tibial and femoral ALB origins. The main concern in 
this technique is the so-called ‘killer turn’, the sharp angle 
on the tibial tunnel exit that may produce abrasion, attenu-
ation and subsequent graft failure.32,33 The tibial-inlay 
techniques (Fig. 4b) try to avoid this situation with a bone 
plug in the extremity of the graft, securing bone-to-bone 
tibial attachment with an anchor or screw. Classically, 
these techniques were performed by a posteromedial 
approach between semi-tendinosus and medial gastroc-
nemius for securing the tibial attachment, but several 
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all-arthroscopic options have been proposed recently.34 
Bone-patellar tendon-bone (BTB) autograft or Achilles ten-
don allograft are usually used for this reconstruction. Even 
if some studies reported better results with tibial-inlay 
techniques,34 this topic remains controversial and no suf-
ficient evidence exists supporting this affirmation13 as there 
is no in vivo evidence of increased graft failure rate for 
trans-tibial tunnel techniques.35 Knee stability is improved 
with both techniques either in isolated or combined PCL 
tears, but it is not completely restored to normality inde-
pendently of the single-bundle technique used.

Regarding the graft type, most reconstructions are per-
formed with autograft, usually BTB or hamstrings, espe-
cially in isolated PCL reconstructions.1 Achilles tendon is 
the most-used option for the allograft group.1 In biome-
chanical studies, quadruple-strand hamstrings have dem-
onstrated more resistance to loading failure, as the BTB is 
more resistant to elongation.36 No differences in clinical 
results regarding failure rate have been demonstrated 
between allografts and autografts, but surgical time, 
donor site complications and infections are more frequent 
with autograft.37

Remnant-preserving of femoral and tibial attachments 
of the native ligament has been advocated as a way to 
improve healing and function of the reconstruction. Theo-
retical benefit of improved blood supply and innervation 
is claimed by those surgeons who do not make a full 
release of the PCL attachments. However, no differences 

have been demonstrated between remnant-preserving 
and conventional techniques.38

Double-bundle reconstruction

Double-bundle reconstruction techniques have been 
developed as an alternative to single-bundle techniques. 
The theoretical benefit is to restore the normal kinematics 
of the knee, as both ALB and PMB work in a combined 
relationship not emulated by a single-bundle reconstruc-
tion (which could only restore normal kinematics between 
the first 0° to 60° of flexion).10

This technique requires two femoral tunnels (one bigger 
for the ALB and one smaller for the PMB) but just one tibial 
tunnel is usually needed.39 Tibial inlay techniques have 
also been developed for double-bundle reconstruction.34 
Among these techniques, an allograft (i.e. Achilles tendon, 
quadriceps tendon or BTB allograft) is usually attached to 
the tibial origin with a bone plug and the tendon is split in 
two, simulating the two PCL bundles. Autografts (BTB for 
ALB reconstruction and hamstrings for PMB reconstruction) 
have also been used for double-bundle reconstruction.40

No differences between tibial inlay and trans-tibial 
double- bundle techniques have been reported in the litera-
ture.13 Both techniques have good clinical outcomes, espe-
cially in posterior tibial translation and subjective function, 
either with isolated or combined injuries as well as in pri-
mary or revision surgery.13 Tibial inlay techniques have been 
proposed as a good alternative for revision surgeries.41

Comparison between single-bundle and double-bundle 
reconstructions

There are no level I studies in the literature comparing 
single-bundle and double-bundle reconstructions. Never-
theless, a recent well-designed study42 has demonstrated 
slight differences in objectives outcomes (posterior tibial 
translation, Lysholm score), with double-bundle recon-
structions being more accurate than single-bundle recon-
structions in restoring the knee to native stability levels.

Rehabilitation

It is well-known that PCL graft healing usually takes about 
double the time of an ACL healing. This is why PCL reha-
bilitation is the keystone of a successful recovery. Several 
principles have been established: progressive weight-
bearing; avoiding posterior tibial subluxation; avoiding 
hamstring action; and improving quadriceps force.43

The knee is immobilised for three to six weeks in full 
extension, and after that progressive passive flexion range 
is allowed. The brace should be worn all the time for at 
least two to four months. Dynamic braces, applying an 
anterior drawer force depending on flexion degree, can 
be useful during the rehabilitation programme.25,44 Return 
to sport is not usually allowed before six to nine months 
after reconstruction.

Fig. 4 The two main surgical techniques for reconstruction 
of the posterior cruciate ligament (PCL). a) Trans-tibial tunnel 
technique. b) Tibial inlay technique.
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Complications

The most frequent complications in PCL injuries are 
related to ROM.45 Residual laxity (posterior tibial transla-
tion > 4 mm) can be a manifestation of undiagnosed con-
comitant soft-tissue injury (i.e. PLC). Flexion loss is more 
frequent after prolonged immobilisation in extension after 
the surgery and can be managed with mobilisation under 
anaesthesia. Excessively tensioned or malpositioned graft 
can also lead to limited movement.7 Meniscal roots or 
popliteal artery injuries have been described in transtibial 
tunnel techniques.45 In tibial inlay techniques, saphenous 
nerve and popliteal artery injuries are related to the 
approach used and a risk of bone plug nonunion exists.45

Conclusions
Table 1 summarises current recommended treatment 
(conservative versus reconstruction) for isolated PCL inju-
ries depending on the grade of injury (I to III) and the 
time of injury (acute versus chronic). Table 2 shows cur-
rent recommended reconstruction techniques and types 
of graft for isolated PCL injuries.
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